The spin fluctuations in the normal state of the unconventional superconductor Sr2RuO4 have been studied using inelastic neutron scattering with polarization analysis on single crystals. We find that the spin fluctuations are anisotropic with χc/χ ab =2.0±0.4. No evidence for Q-independent or nearly-ferromagnetic spin fluctuations are found in the energy range 4-22 meV, in contradiction with NMR measurements.
Sr 2 RuO 4 is a layered perovskite oxide that is isostructural with the high-T c material La 2−x Sr x CuO 4 . Below T c =1.5 K, Sr 2 RuO 4 enters an unconventional superconducting state with spin-triplet pairing, possibly mediated by spin fluctuations. The low-temperature normal state is a quasi two-dimensional Fermi liquid with enhanced-mass quasiparticles (see Ref. [1] for a recent review). Neutron scattering experiments show strong inelastic magnetic intensity due to two-dimensional spin fluctuations at the incommensurate (IC) position k 0 =Q hk =(0.3,0.3), which is related to the nesting properties of the Fermi surface [2, 3, 4, 5] . The relatively high intensity observed between the IC peaks could be due to Q-independent ("local") spin fluctuations, as suggested by NMR measurements [6] . In order to determine whether this scattering is of magnetic origin, and also to study the anisotropy of the spin fluctuations at k 0 , we have made polarized inelastic neutron scattering measurements on single crystalline Sr 2 RuO 4 .
Three high-quality single crystals of Sr 2 RuO 4 of a total volume of 0.6 cm 3 , already used in previous measurements [3, 4] , were aligned with the a-b plane as scattering plane in an orange cryostat held at T =1.5 K, ie. all measurements were performed in the normal state. The inelastic neutron scattering measurements were performed on the thermal triple-axis spectrometer IN22 at the ILL using polarizing Heusler crystals as monochromator and analyzer. An energy resolution of 0.9 meV was obtained with a final energy of 14.7 meV. A PG filter in the scattered beam suppressed higher-order contamination. A spin flipper in the scattered beam and a Helmholtz coil around the sample allowed measurements of the spin-flip (SF) and non spin-flip (NSF) cross sections for neutrons polarized along the wave vector transfer Q, σ x , perpendicular to Q in the ab plane, σ y , and perpendicular to the scattering plane, σ z . The flipping ratio for nuclear Bragg peaks was 19, implying that no flipping-ratio corrections are necessary. Combination of the six different cross sections allowed to determine the components of the magnetic contribution to the total scattering that corresponds to fluctuations in the a-b plane,
and along the c axis,
We have here assumed that the magnetic susceptibility is isotropic in the a-b plane, i.e. χ ab =χ a =χ b . Due to the reduced intensity in polarized neutron experiments, a limited number of Q's and energies were studied. an energy transfer of 6 meV using unpolarized neutrons [3] , which probes χ c +χ ab . It has been speculated that the "background", i.e. the relatively high intensity level under the peak, could be due to Q-independent (local) spin fluctuations. Polarization analysis provides unambiguous information on whether a signal is of magnetic or nuclear origin. The results of the present measurements are shown in Table 1 and Fig. 1 . Two conclusions can be drawn from Table 1 . (i) The "background" measured at Q=(0.4,0.4,0) is of non-magnetic origin, i.e. there is no evidence Table 1 Magnetic intensity polarized along the c and a axis (arb. units) at E=6 meV for two different wave vectors Q. Polarized work at even larger wave vectors, such as Q=(0.7,0.7,0), are difficult due to the strong Q dependence of the magnetic form factor. In earlier neutron scattering work, the indication of isotropic spin fluctuations were based on a study of the Q dependence of the magnetic signal [4] . However, this method is easily affected by systematic effects such as changes in the orientation of the resolution ellipsoid and the neutron absorption when the crystal is turned in the scattering plane. Also, the sensitivity is limited, as a factor of 2 in anisotropy only gives a ∼30% intensity change. Taking these effects into account, the data of Ref. [4] are consistent with an anisotropy of 2, as found with the more direct and precise method of polarized neutrons used in this work.
An anisotropy χ c /χ a of 2 is in reasonable agreement with the factor of 3 inferred from NMR measurements [6] , which relies on assumptions on the hyperfine couplings. The origin of the anisotropy can be understood in terms of a simple tightbinding model including spin-orbit coupling [7] .
The energy dependence of the spin fluctuations from unpolarized neutron measurements [2,3,4,5] shows a quasielastic signal with a characteristic energy of Γ ∼9 meV. The high energy scale makes it difficult to separate the magnetic scattering from phonon scattering processes. The present study using polarized neutrons avoids this problem by measuring directly the magnetic part of the scattering. The resulting χ c at the IC position Q=(0.3,0.7,0) is shown in Fig. 2 . It is consistent with a quasielastic contribution with an energy scale of Γ=10±2 meV. The q-independent contribution to the dynamical susceptibility revealed by NMR measurements have not yet been observed by neutron scattering [2, 3, 4, 5] . These spin fluctuations, which persists up to temperatures ∼500 K, have a characteristic energy of about 50 meV [6] . Such fluctuations would be seen in the present study (limitated to ≤20 meV due to kinematical constraints) as an initial slope in the energy scan at Q=(0.4,0.8,0) shown in Fig. 2 . This signal could be close to the limit of the present experimental sensitivity achieved using polarized neutrons.
We will now discuss the relevance of the present results for the unconventional superconductivity of Sr 2 RuO 4 . The IC fluctuations are clearly anisotropic, as now shown by two different microscopic probes: polarized neutron scattering and NMR. In the simplest picture of magnetically mediated superconductivity, IC fluctuations, which are antiferromagnetic in nature rather than ferromagnetic, are believed to promote singlet pairing [8] . However, it has been shown theoretically that anisotropic fluctuations can favor triplet pairing [9, 10] . In such models, an anisotropy χ c /χ a >1 will favor the most commonly admitted order parameter for describing the superconductivity of Sr 2 RuO 4 . This order parameter has the orbital moment of the pairs lying along the c axis and the spins in the basal plane (see, e.g., Fig. 20 in Ref. [1] ).
The IC fluctuations occur in the nested α and β bands, the so-called passive bands for superconductivity. However, the superconducting properties of Sr 2 RuO 4 are characterstic of the γ band, the so-called active band [11] . The relevance of the IC fluctuations to the superconductivity then obviously depends of the coupling between the different bands [12] .
We acknowledge L.P. Regnault for advice on the optimal use of IN22.
